Oral fat sensitivity (OFS), the ability to taste fat, is associated with eating habits in humans, including daily fatty food consumption; namely, proper OFS is important for health. In addition, lifestyle factors, such as stress and sleep, may affect fat intake. However, correlations between OFS, stress management, and sleep are largely unknown. Thus, we investigated the associations of OFS with lifestyle factors regarding stress management and daytime sleepiness in healthy young adult men. We measured OFS, sensitivities for three prototypical tastes (sweet, salty, and sour), and BMI in 22 subjects (27.2 ± 6.0 years), who also completed a self-reported questionnaire on health, including lifestyle-related questions. The correlations of taste sensitivities with stress management and daytime sleepiness were analyzed. We thus found that the number of mentors for personal concerns (a question regarding stress management, social support) was positively associated with OFS (P = 0.041), but not the other taste sensitivities. In contrast, other lifestyle factors related to stress management (frequency of relaxation, frequency of eating when irritated or worried, and degree of satisfaction with one's sleep) and daytime sleepiness were not significantly associated with OFS, similar to that observed for other tested taste sensitivities. These results characterize the unique association of OFS with the degree of social support in healthy young men and provide novel insights into the nature of individual OFS differences. Thus, measuring the degree of social support may be helpful for the evaluation of OFS impairment, thereby contributing to the prevention of stress-induced overeating.
Introduction
Oral sensory perception may play an important role in driving food intake and energy balance. Sleep alterations perturb energy balance by disrupting appetite hormone regulation, increasing energy intake, and decreasing physical activity (Martínez-Ruiz et al. 2014; Loper et al. 2015; Smith et al. 2016) . The importance of sleep and its influence on both intake and expenditure has been acknowledged in the last decade in both experimental and epidemiological studies (Kant and Graubard 2014; Smith et al. 2016) .
Humans can perceive five prototypical taste qualities: sweet, salty, bitter, sour, and umami (Hettinger et al. 1996; Schiffman 2000; Satoh-Kuriwada et al. 2014; Zhang et al. 2017) . Sensing taste is achieved at the level of taste receptor cells found in the surface regions of the oral cavity and clustered in the taste buds. The taste buds are small structures on the tongue and soft palate that allow particular taste recognition of drink and foods (Bachmanov and Beauchamp 2006; Janssen and Depoortere 2013) . In contrast, the response to fat stimulation in the oral cavity was previously considered to rely largely on olfactory, textural, and post-ingestive cues. However, fatty acid taste (the taste of free fatty acids, but not triacylglycerides) has recently been suggested as a new basic taste (Costanzo et al. 2017) . In fact, accumulating evidence indicates that long-chain fatty acids, such as oleic acid (OA, C 18 H 34 O 2 , a monounsaturated fatty acid found in many vegetable and animal oils), elicits a unique, perceptive sensation at concentrations relevant to the modern food supply (Running et al. 2015) . Several studies have reported a difference in the OA detection threshold among human individuals and an inverse correlation between the body mass index (BMI; the weight in kilograms divided by the square of the height in meters [kg/m 2 ]) and oral fat sensitivity (OFS), the ability to taste fat (Stewart et al. 2010 (Stewart et al. , 2011 Haryono et al. 2014; Martínez-Ruiz et al. 2014; Asano et al. 2016) . However, other studies failed to detect a significant association between BMI and OFS (Tucker et al. 2017) . The reasons for the contradictory results are largely unknown, and more studies in this area are essential for a better understanding of the topic (Martínez-Ruiz et al. 2014) . On the other hand, several studies proposed that fatty acid taste sensitivity is associated with fatty food consumption (Stewart et al. 2010 (Stewart et al. , 2011 or other eating habits, including satiety after food intake (Asano et al. 2016; Costanzo et al. 2017) , suggesting the existence of unique regulatory mechanisms of OFS in the body. In addition, an intervention study showed that fat taste threshold increased when participants were exposed to a low-fat diet over a four-week period. The report also showed that fat taste threshold decreased when participants were exposed to a high-fat diet over the same period (Stewart and Keast 2012) , indicating that recent fat intake can modulate OFS in individuals.
Taste thresholds are not simply defined by genetics. Instead, they may be modulated by various biological and environmental factors, such as endogenous hormones, consumption of certain foods, BMI, smoking and alcohol consumption, aging, emotional states, sleep habits, and exposure to pathogens (Furchtgott and Willingham 1956; Wright 1973; Nakagawa et al. 1996; Mojet et al. 2003; Verma et al. 2005; Donaldson et al. 2009; Umabiki et al. 2010; Al'Absi et al. 2012; Karita et al. 2012; Platte et al. 2013; Loper et al. 2015; Noel and Dando 2015; Smith et al. 2016) . For example, leptin, a hormone that has a major influence on energy balance and suppresses food intake, may affect sweet taste sensitivity (Ninomiya et al. 1995 (Ninomiya et al. , 1998 Umabiki et al. 2010) . The threshold for sour taste, but not sweet or salt taste, was significantly raised after sleep deprivation (Furchtgott and Willingham 1956) .
Stress is an undeniable part of life and can be defined as a negative emotional experience accompanied by behavioral, biochemical, and physiological changes. Stress can be induced by various factors, such as insufficient sleep and insecurity in one's personal, social, and professional life (Baum 1990; Geiker et al. 2018) . Two systems, the autonomic sympathetic-adrenal system, and the hypothalamic-pituitary-adrenal (HPA) axis (a neuro endocrine unit comprising the hypothalamus, the pituitary gland, and the adrenal glands that control levels of cortisol and other stress related hormones, are considered to be the main neuroendocrine systems involved in the integrated stress response (Maggio et al. 2013) . Cortisol is a primary stress hormone, produced by adrenal glands and is a powerful regulator of all mammalian physiological systems. This hormonal signal is utilized by almost all cells and physiological systems to optimize performance in accordance with circadian, environmental, and physiological demands. Thus, disturbances in normal HPA axis activity profiles are associated with various kinds of physiological and mental health disorders (Spencer and Deak 2017) . In addition, research suggests that emotion regulation and HPA axis activity are causally correlated, such that HPA activation and regulation both influence, and are influenced by, emotions (Stansbury and Gunnar 1994; Kamradt et al. 2017) .
Stress is associated with both increased food intake (emotional eating) and decreased food intake (Greeno and Wing 1994) . The existence of these opposite patterns of food intake is considered to be a result of changes in the stress reactivity of the HPA-axis with chronic stress accompanied by hormonal changes in the body. Chronic stress may ultimately disrupt the regulatory effects of the HPA axis on stress-induced eating (Klatzkin et al. 2018 ). The blunted HPA-axis stress reactivity (typically indicated by low cortisol level) is suggested to be associated with stress-induced emotional eating in both animal and human studies (van Strien et al. 2013; Bast and Berry 2014) . In addition, sleep has a detectable modulatory effect on HPA axis activity and other hormonal axes (Maggio et al. 2013) . It has been well-documented that sleep displays a close and reciprocal relationship with HPA axis function: elevated HPA activation results in lighter sleep and more nocturnal awakenings, whereas inadequate sleep enhances the basal activity of the HPA axis (van Dalfsen and Markus 2017) .
Social support, which is defined as the resources provided by one's network with the intention of increasing one's coping ability (Cohen 2004; Kwan and Gordon 2016) , is considered as a psychosocial factor that has a significant impact on human health (Ehsanbakhsh et al. 2016) . For instance, for social animals, including humans, there is much evidence that individuals who maintain stable, close social bonds have better health compared with those who do not (Wittig et al. 2016) . In addition, a study suggested that social support in diabetic patients enables them to decrease their stress and cope with stressful events of their lives, as well as to control blood glucose levels and manage the disease (Fukunishi et al. 1998 ). An important mechanism through which these benefits could operate is through social buffering (a phenomenon observed among highly social mammals where a social partner can attenuate the release of stress hormones such as cortisol through mediation of the HPA axis in response to a threatening situation), in which social support provided by social partners cushions the adverse effects of stressful events (Cohen and Wills 1985; Kikusui et al. 2006; Hennessy et al. 2009; Sullivan and Perry 2015; Wittig et al. 2016 ). In addition, psychologically and physically induced repeated stress can cause dysregulation of the HPA axis, which can lead to severe health problems; however, social buffering during stress exposure has regulatory, stabilizing effects on HPA activity (Wittig et al. 2016) .
Previously, we reported that healthy young Japanese adults who sense satiety easily after food intake have a lower threshold for OA (Asano et al. 2016) . We also reported that the saliva flow rate was raised by OA stimulation in the oral cavity in healthy young adults . However, the association of OFS with stress or sleepiness is still largely unknown. We investigated the association of various lifestyle factors regarding stress management (rather than testing the temporal status of stress per se) and daytime sleepiness with OFS and the sensitivities of three prototypical tastes (sweet, sour, and salty) using data of self-reported questionnaires from healthy young adult men; women were not included owing to potential confounding by hormonal changes during the menstrual cycle.
Materials and Methods

Subjects
The subjects of the study were non-medicated, non-smoking young adult men between 20 and 39 years of age, who were normal weight or overweight but not underweight (BMI < 18.5 kg/m 2 ) or obese (BMI ≥ 30 kg/m 2 ) and also were in good health at the time of testing. Age, BMI, and sex of the subjects were limited as described above due to attenuate the influence of aging, degree of obesity, and female sex hormones on taste thresholds and other health conditions. Subjects were limited to non-medicated, non-smoking men because medications and smoking affect physiological functions of both the stomatognathic system (including taste perception system) and the central nervous system. Forty-six young adults were recruited as candidate subjects through public advertisements. Twenty-four candidate subjects were excluded because they did not meet the selection criteria or did not complete all of the tests for the study. The data of the remaining 22 adults (mean age 27.2 ± 6.0 years; range 20-39) were analyzed.
Study outline
Candidate subjects attended the laboratory at the Tohoku University Graduate School of Dentistry and completed a selfreported questionnaire that obtained information on their health conditions, including lifestyle factors related to stress management. Each subject's height, weight, BMI, and body fat percentage (the proportion of fat to the total body weight) were measured using a handcrafted stadiometer and a body composition monitor (Inner Scan 50; Tanita, Tokyo, Japan). The subjects participated in the following tests: (a) a taste test for thresholds for the prototypical tastants using sucrose, salt (NaCl), acetic acid, and other tastants that were not used for the analysis of the present study and (b) a taste test for OA thresholds.
All experiments were conducted according to the institutional guidelines and the Declaration of Helsinki. We obtained ethic approval for the study from the Ethics Committee of Tohoku University Graduate School of Dentistry. All subjects provided written informed consent prior to participation.
Measurement of OA detection thresholds
The measurement of OA detection thresholds is described in detail by Asano et al. (2016) . Briefly, the test stimuli for OFS consisted of an emulsion of food grade OA (Sigma-Aldrich, MO, USA) in non-fat milk (Morinaga Milk Industry, Tokyo, Japan). An OA sample was freshly prepared for every session by a previously established method (Stewart et al. 2010; Haryono et al. 2014; Asano et al. 2016) . To prepare different concentrations (0.02, 0.06, 1, 1.4, 2. 8, 3.8, 5, 6.4, 8, 9 .8, and 12 mM) of the OA sample, varying amounts of liquid OA were added to 12% (w/v) powdered non-fat milk and mixed. In addition, all of the preparations were mixed with 5% (w/v) gum arabic (acacia gum; Wako Pure Chemical Industries, Osaka, Japan) and 5% (w/v) liquid paraffin (Wako Pure Chemical Industries) to mask lubricity cues (Stewart et al. 2010; Haryono et al. 2014; Asano et al. 2016; Izumi et al. 2016) . To prevent oxidation, each sample was mixed with 0.01% (w/v) ethylenediaminetetraacetic acid (EDTA; Dojindo Laboratories, Kumamoto, Japan). After addition of distilled water, the samples were emulsified for 12 min at 7000 rpm with an HM-310 homogenizer (As One, Tokyo, Japan) at room temperature. The vehicle was prepared in the same manner without added OA.
For each sample set, three samples were provided at room temperature to the subjects, two controls and one containing OA in ascending order (0.02 mM to 12 mM). The OA threshold was defined as the minimum OA concentration required for a participant to repeatedly and correctly identify the OA sample as "odd" compared to the two control samples. All tests were performed with the subjects wearing blinders and nose clips to minimize olfactory cues caused by volatilized OA. Subjects with missing values owing to the loss of taste were excluded from the subsequent correlational analysis. Subjects were requested to refrain from eating 2 h before testing. They were also asked to sit during the experiment and rinse their mouths with distilled water before tasting each sample.
Measurement of sensitivities to prototypical tastants
The measurement of sensitivities to prototypical tastants is described in detail by Asano et al. (2016) . In brief, sample water solutions for sour, salty, and sweet tastants were prepared using acetic acid, salt, and sucrose, respectively, at the concentrations listed in Table 1 . Each tastant was purchased from Wako Pure Chemical Industries. Subjects were presented with a set of seven solutions for each prototypical tastant, arranged in ascending order of concentration. The subjects took 1 mL of each solution into their mouths, expelled it shortly afterward, and then selected from the following options: (1) the solution tastes like water, (2) the solution tastes like something other than water, or (3) the solution has a specific taste. The recognition threshold was defined as the minimum concentration of a compound required for the subject to accurately identify the specific tastant. Subjects with missing values owing to the loss of taste were excluded from the subsequent correlational analysis. Subjects were requested to refrain from eating 2 h before testing. They were also asked to sit during the experiment and rinse their mouths with distilled water before tasting each sample.
Epworth Sleepiness Scale (ESS) and measurements of scores for life style factors regarding stress management
The ESS score was calculated based on a self-reported questionnaire to evaluate the degree of daytime sleepiness felt by each subject as described before . The subjects were asked to rate the likelihood of falling asleep on a scale from 0-3 in each of the eight situations in Table 2 . The ESS score was the sum of the eight item scores. An ESS score of 10 was adopted as the cutoff for normal sleepiness, with scores > 10 regarded as indicating excessive sleepiness (Johns 1991 (Johns , 1994 Hossain et al. 2005) .
The subjects were also asked to rate certain lifestyle factors regarding stress management using a self-reported questionnaire, detailed in Table 3 , on a scale of 1-4; responses were used to evaluate lifestyle habits concerning how subjects face or cope with stress. Of the four questions, question 1 was included for evaluating the number of mentors in one's social support network for dealing with personal distress. Social support can help manage and buffer one's stress and influence stress-induced emotional food intake (Torres and Nowson 2007; Kwan and Gordon 2016; Darling et al. 2017) . Question 2 was selected for evaluating the frequency of relaxation. Relaxation has a stress-buffering effect and is useful to reduce the accumulation of stress (Iglesias et al. 2012; Jerath et al. 2015; Linnemann et al. 2017) . Question 3 was employed for evaluating the frequency of eating when irritated or worried, which contributes to emotional eating. Stressinduced emotional eating is an unhealthy lifestyle habit and is causally linked to obesity (Kaplan et al. 1957; Torres and Nowson 2007; Bast and Berry 2014) . Question 4 was included for evaluating the degree of satisfaction with one's sleep. Although the question concerns sleep, it was selected because stress affects sleeping patterns and often induces poor sleep, thus reducing quality of life (Kim et al. 2016) . In addition, impaired sleep is also associated with obesity (Geiker et al. 2018) . These four questions that were included in the self-reported questionnaire (Table 3) were originally selected by our research group from a questionnaire on lifestyles that has been used for collecting statistical healthcare data at the annual physical examination of university students and graduate students in the Tohoku University for many years (Health Administration Center, Tohoku University 2004).
Statistical analysis
Statistical analysis was performed with the statistical package JSTAT for Windows, version 6.8 (Sato, Japan), and SPSS statistics, version 22.0 (IBM, Armonk, NY, USA). Spearman's rank correlation coefficient was used to assess correlations of taste thresholds with lifestyle factors related to stress management and ESS scores. Significance was defined as P < 0.05.
Results
The general characteristics of the study subjects are summarized in Table 4 : n = 0). We investigated the association between OFS (or sensitivity for prototypical tastes as a control) and lifestyle factors regarding stress management using four questions from the self-reported questionnaires for the present study, as detailed in the Materials and Methods and Table 3 . The OA threshold was significantly and inversely associated with the score for question 1 (number of mentors regarding personal concerns, ρ = −0.486, P = 0.041; Fig. 1 ). In addition, no statistical association was observed between the OA threshold and the scores for the other questions on lifestyle factors regarding stress management (i.e., the frequency of relaxation, the frequency of eating when irritated or worried, and the degree satisfaction with one's sleep) (Fig. 1) . In addition, no significant association was Excessive daytime sleepiness is generally defined as ESS score > 10. found between the threshold for each prototypical (sucrose, acetic acid, and NaCl) and any of the question scores on lifestyle factors regarding stress management (Figs. 2, 3 and 4). We then investigated the relationship of the score for the number of mentors on personal concerns (question 1) with the scores for the other questions on lifestyle factors related to stress management in Table 3 . As shown in Fig.  5 , no statistical association was observed between the score for question 1 and any of the other scores for the questions on lifestyle factors regarding stress management.
Finally, we investigated the correlation between the ESS score and the thresholds for prototypical tastes and OA. However, no statistical association was observed between the ESS score and any of the other tastant sensitivities (Fig. 6) . A summary of the correlation analysis of various taste thresholds with lifestyle factors regarding stress management and daytime sleepiness (Figs. 1, 2 , 3, 4 and 6) is presented in Table 5 .
Discussion
In the present study, OFS, which may have a regulatory role in the daily fat consumption in human Table 4 . Baseline characteristics of subjects*. BMI, body mass index. *BMI: Underweight, < 18.5 kg/m 2 ; normal weight, 18.5-24.9 kg/m 2 ; overweight, 25-29.9 kg/m 2 ; obese, ≥ 30 kg/m 2 . Data are presented as the means with standard deviation (SD). In a self-reported questionnaire, subjects rated four indicated lifestyle factors regarding stress management on a scale of 1-4, as detailed in Table 3 . A significant association was observed between the detection threshold for oleic acid (OA) and the score for question 1, but not for the other questions. Statistical differences between the detection threshold for OA and the score for each lifestyle factor regarding stress management were assessed using Spearman's rank correlation coefficient (ρ), and the hypothesis of no correlation was tested using P-values. Concerning the loss of taste, four subjects did not reach a detection threshold for OA. Missing values owing to the loss of taste were excluded from the above correlation analysis. Some plotted circles are closely or perfectly overlapped. Indicated numbers (#2-#4) at the upper right of the plotted circles make supplementary statements on the number of circles plotted at (almost) the same position. Fig. 2 . No association between the threshold for sucrose and lifestyle factors regarding stress management.
In a self-reported questionnaire, subjects rated four indicated lifestyles factors regarding stress management on a scale of 1-4, as detailed in Table 3 . No significant association was observed between the recognition threshold for sucrose and any of the scores for lifestyle factors regarding stress management. Statistical differences between the recognition threshold for sucrose and the score for each lifestyle factor regarding stress management were assessed using Spearman's rank correlation coefficient (ρ), and the hypothesis of no correlation was tested using P-values. Concerning the loss of taste, one subject did not reach the recognition threshold for sucrose. Missing values owing to the loss of taste were excluded from the above correlation analysis. Some plotted circles are closely or perfectly overlapped. Indicated numbers (#2-#10) at the upper right of the plotted circles make supplementary statements on the number of circles plotted at (almost) the same position. In a self-reported questionnaire, subjects rated four indicated lifestyles factors regarding stress management on a scale of 1-4, as detailed in Table 3 . No significant association was observed between the recognition threshold for acetic acid and any of the scores for lifestyle factors regarding stress management. Statistical differences between the recognition threshold for acetic acid and the score for each lifestyle factor regarding stress management were assessed using Spearman's rank correlation coefficient (ρ), and the hypothesis of no correlation was tested using P-values. Concerning the loss of taste, one subject did not reach the recognition threshold for acetic acid. Missing values owing to the loss of taste were excluded from the above correlation analysis. Some plotted circles are closely or perfectly overlapped. Indicated numbers (#2-#6) at the upper right of the plotted circles make supplementary statements on the number of circles plotted at (almost) the same position. Fig. 4 . No association between the threshold for NaCl and lifestyle factors regarding stress management.
In a self-reported questionnaire, subjects rated four indicated lifestyles factors regarding stress management on a scale of 1-4, as detailed in Table 3 . No significant association was observed between the recognition threshold for NaCl and any of the scores for lifestyle factors regarding stress management. Statistical differences between the recognition threshold for NaCl and the score for each lifestyle factor regarding stress management were assessed using Spearman's rank correlation coefficient (ρ), and the hypothesis of no correlation was tested using P-values. Concerning the loss of taste, one subject did not reach the recognition threshold for NaCl. Missing values owing to the loss of taste were excluded from the above correlation analysis. Some plotted circles are closely or perfectly overlapped. Indicated numbers (#2-#7) at the upper right of the plotted circles make supplementary statements on the number of circles plotted at (almost) the same position. In a self-reported questionnaire, subjects rated four indicated lifestyle factors regarding stress management on a scale of 1-4, as detailed in Table 3 . No significant association was observed with the score for question 1 (number of mentors) with any of the other scores for lifestyle factors regarding stress management. Statistical differences between the score for question 1 (number of mentors) with the other scores for lifestyle factors regarding stress management were identified using Spearman's rank correlation coefficient (ρ), and the hypothesis of no correlation was tested using P-values. Some plotted circles are closely or perfectly overlapped. Indicated numbers (#2-#5) at the upper right of the plotted circles make supplementary statements on the number of circles plotted at (almost) the same position. Fig. 6 . Analysis of the associations of daytime sleepiness with the thresholds for various tastants.
In a self-reported questionnaire, subjects rated four indicated lifestyle factors regarding stress management on a scale of 1-4, as detailed in Table 3 . In addition, using the self-reported Epworth Sleepiness Scale (ESS) questionnaire, subjects rated their likelihood of falling asleep (0-3) in each of eight situations, as detailed in the Materials and Methods and Table 2 . No significant association between the degree of daytime sleepiness (measured using ESS score: the sum of the eight item scores) and any of the thresholds for investigated tastants was observed. Statistical differences between the score for ESS and threshold for each tastant were assessed using Spearman's rank correlation coefficient (ρ), and the hypothesis of no correlation was tested using P-values. Concerning the loss of taste, four subjects did not reach the detection threshold for OA. One subject did not reach a recognition threshold for each prototypical tastant. Missing values concerning the loss of taste were excluded from the above correlation analysis. Some plotted circles are closely or perfectly overlapped. Indicated numbers (#2-#4) at the upper right of the plotted circles make supplementary statements on the number of circles plotted at (almost) the same position.
individuals (Mattes 2011; Keast and Costanzo 2015) , was inversely associated with the score for question 1 shown in Table 3 concerning the number of mentors for personal concerns (Fig. 1) . The score measures the degree of one's social support. We found no association between this lifestyle factor and the threshold for any prototypical tastes tested (sweet, sour, and salty) (Figs. 2, 3 and 4) . In addition, the score for question 1 had no association with the scores for other questions tested (questions 2-4; Table 3 ) in the present study (Fig. 5) , characterizing the specific and unique correlation between OFS and the degree of one's social support indicated by the number-of-mentors score in healthy young adult men. Although the exact reason for the observed association between the number of mentors on personal concerns and OFS is unclear in the present study, it should be noted that social support is a meaningful factor that is associated with development and maintenance of eating disorders (Limbert 2010) . Experimental evidence suggests a lack of social support among individuals with eating disorders, including clinical and subclinical bulimia nervosa (a disorder characterized by binge eating followed by purging) (Ghaderi and Scott 1999; Limbert 2010) .
In consideration of these facts, including those of the present study regarding the association between social support and OFS, the observed correlation of social support with OFS (P = 0.041) may also be biologically meaningful. Although the present results, because of their correlative nature, do not explain why social support might cause a change in OFS, we speculate one possible explanation: individuals who have larger numbers of mentors for personal concerns may be able to alleviate stress regarding their concerns more easily by coping with stressful events of their lives, and this social buffering may induce the regulatory and stabilizing effect of social support on HPA axis reactivity. As described in the Introduction, the HPA axis is one of the major systems involved in the integrated stress response in the body, and blunted HPA axis reactivity is associated with enhancement of stress-induced emotional eating. Thereby, social support eventually could prevent or attenuate stress-induced emotional eating of high-calorie and high-fat foods. In this context, it should be noted that emotional eating in humans often leads to eating nutrientdense foods and especially excess consumption of highcalorie, sweet, and fatty foods (Torres and Nowson 2007) . Thus, individuals who have larger numbers of mentors for personal concerns may tend to have higher OFS than those with fewer mentors; this is because habitual exposure of low-fat food intake decreases oral fat thresholds and increases OFS in humans (Stewart and Keast 2012) . Taken together, our findings raise the possibility that healthy young adult men with larger numbers of mentors may have reduced opportunity for high-fat food intake because the effects of stress are buffered; the effects of social support mediate the regulatory and stabilizing effect on HPA axis reactivity, which lowers OA thresholds. However, the (Figs. 2, 3 and 4) , suggesting that lifestyle factors regarding (i) the frequency of relaxation, (ii) the frequency of eating while irritated or worried, and (iii) the degree of satisfaction with one's sleep may not be important physiological factors that modulate the investigated taste thresholds. However, it should be noted that these results do not disprove the possibility that these prototypical taste thresholds are associated with other lifestyle-related factors that were not investigated in the present study. Indeed, there are reports concerning the effect of stress on the thresholds of prototypical tastants (Nakagawa et al. 1996; Heath et al. 2006; Al'Absi et al. 2012; Ileri-Gurel et al. 2013; Parker et al. 2014) . Moreover, our results also do not disprove the possibility of a significant association between the threshold of prototypical tastants and the four questions regarding stress management used in the present study (Table 3) in healthy young adult women; sex has a powerful influence on lifestyle habits, such as impulsive eating when irritated or worried (Kuriyama and Shibasaki 2004; Klatzkin et al. 2018) .
Shorter periods of sleep could be a risk factor for weight gain and obesity (Patel and Hu 2008; Brondel et al. 2010) . In fact, lack of sleep has been correlated with increased energy intake, especially from carbohydrates and fat (Bosy-Westphal et al. 2008; Brondel et al. 2010; Smith et al. 2016 ). Thus, we firstly investigated the correlation of daytime sleepiness and OFS in healthy young adult men. However, we observed no significant association between the ESS score and the sensitivity for OA and prototypical tastants (sucrose, acetic acid and NaCl) (Fig. 6) , suggesting that daytime sleepiness may not be an essential physiological factor that mediates the tasted taste thresholds in healthy young adult men. More detailed and interdisciplinary research using established tools to study sleep habits, such as the Pittsburgh Sleep Quality Index, a self-reported questionnaire on sleep quality, is necessary to bring new insight into the association between lack of sleep and OFS.
The present study has several limitations. The first is the small number of participants, which might have resulted in low statistical power, but nonetheless was sufficient to show significant associations between taste thresholds, scores for lifestyle factors regarding stress management, and sleepiness. The second is the application of a number of different tests with the same P-value threshold (the multiple-comparison problem). The third is the selfreported design of the questionnaire, which might have led to the participants' personal biases affecting results. It should also be noted that our group originally prepared the questions in Table 3 in Japanese. The study subjects used the Japanese version, but not the translated version shown in the table. However, to measure daytime sleepiness using the ESS score, we used a version of the ESS questionnaire that had previously been translated into Japanese and used in clinics in Japan. This version of the ESS questionnaire is different from the validated Japanese version (Takegami et al. 2009 ). Our data on daytime sleepiness might have been different had the latter been used. Finally, the study subjects were non-medicated, non-smoking, normal weight or overweight, young adult men in good health and may not accurately represent underweight, obese, women, or general populations.
Obesity is a global epidemic and is associated with various health complications, including cardiovascular disease, cancer, hyperlipidemia, and sleep-related breathing disorders, such as obstructive sleep apnea (Hubert et al. 1983; Izumi et al. 2016) . The causes of obesity are complex and diverse and can be attributed to physiologic, environmental, and genetic factors (Torres and Nowson 2007) . Perception of taste is only one factor in the complex cause of obesity, and it might be a relatively minor one (Donaldson et al. 2009 ). Nonetheless, dietary fat is primarily involved in weight maintenance (Bray et al. 2004; Astrup 2005; Haryono et al. 2014) , suggesting that inappropriate fat perception may influence the risk of obesity by affecting eating behavior (Laugerette et al. 2005; Fushiki 2014) . Therefore, it is highly important to clarify how factors impacting OFS, including stress and sleepiness, are related to human weight maintenance (Blundell and Rogers 1991; Hill et al. 1991; Asano et al. 2016) .
In the present study, we focused on the link between OFS and lifestyle factors regarding stress management and sleepiness in healthy young adult men. We firstly found that the OA detection threshold, but not those for the prototypical tastants tested, was associated with a lifestyle factor related to stress management, indicated by the score for the number of mentors for personal concerns. This is important, as the score concerning the number of mentors for personal concerns represents the degree of one's social support. Social support is a social factor that can reduce stress and is related with mental health among social animals including rodents, non-human primates, and humans (Kikusui et al. 2006 ). In addition, social support often influences food contents consumed by human individuals (Cohen 2004; Torres and Nowson 2007; Lakey and Orehek 2011; Kwan and Gordon 2016; Darling et al. 2017 ). In contrast, tested taste sensitivities, including OFS, had no association with daytime sleepiness in healthy young adult men. Taken together, our results suggest that OFS may have a specific correlation with aspects of social support in healthy young adult men via an unknown mechanism. Further study of the association of lifestyle factors related to social support for stress management with OFS would be highly valuable for understanding the regulatory mechanisms of OFS and the development of tools to analyze individual OFS differences, which may contribute to the evaluation of OFS-related dysfunction and prevention or management of stress-induced health complications such as emotional eating.
